TITLE OF THE INVENTION 
ELECTRONIC APPARATUS AND SHOCKPROOF METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-287118, filed September 30, 2002, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a shockproof 
technique that takes a measure against any shock acting 
when an electronic apparatus which incorporates, e.g., 
a magnetic disk device is dropped. 

2. Description of the Related Art 

In recent years, various portable electronic 
apparatuses which can be powered by batteries, such 
as the portable information terminals called personal 
digital assistants (PDAs) , digital cameras, and the 
like, have been developed and prevailed. 

Since the user often carries such an electronic 
apparatus, he or she may inadvertently drop it. 
Therefore, it is indispensable to provide some 
protection mechanism against a shock. Especially, if 
a storage device such as a hard disk or the like with 
physical operation experiences a shock during access, 
it is damaged by crash between the head and disk. 
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Hence, as described in, e.g., Jpn. Pat. Appln. 
KOKAI Publication Nos. 2002-8336, 2000-339893, 
6-203505, and the like, a method of detecting the 
fall of the apparatus itself, and actively enabling 
5 a shockproof mechanism is proposed. As a sensor for 

detecting the fall of the apparatus itself, a sensor 
described in, e.g., Jpn. Pat. Appln. KOKAI Publication 
No. 2001-83173 can be applied. 

Note that Jpn. Pat. Appln. KOKAI Publication 
10 Nos. 2000-14783, 2000-67770, and the like describe 

a shockproof method in a magnetic disk device. 

In Jpn. Pat. Appln. KOKAI Publication 
No. 2002-8336, a magnetic disk device itself 
incorporates a fall sensor and a mechanism for 
15 retracting the magnetic head on the basis of the 

detection result of the fall sensor. However, in this 
method, each individual magnetic disk device must have 
a fall sensor and its control mechanism. When such 
a magnetic disk device is built into a desktop device, 
20 the fall sensor and control mechanism become 

superfluous. That is, this mechanism is unnecessary 
unless it is operated while built into a portable 
device which is likely to fall, and merely increases 
cost. Hence, two different types of magnetic disk 
25 devices with and without such a mechanism must be 

manufactured. Hence, in order to avoid such 
inefficiency, it is advantageous to provide a mechanism 
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associated with a fall in a portable device which 
incorporates a magnetic disk device. 

On the other hand, in Jpn. Pat. Appln. KOKAI 
Publication Nos. 2000-339893 and 6-203505 above, since 
5 a fall sensor, a control unit for retracting a magnetic 

head, and the like are provided on the electronic 
apparatus side, the above-mentioned inefficiency is 
avoided. In Jpn. Pat. Appln. KOKAI Publication 
Nos. 2000-339893 and 6-203505, upon detecting the fall 
10 of the apparatus itself, a magnetic head retraction 

(unload) command is issued to a magnetic disk device. 

However, the magnetic disk device cannot accept 
any command during data write, read, or seek access. 
That is, even when an unload command is added, and is 
15 immediately issued upon detection of a fall, if another 

command process is in progress, the magnetic head is 
unloaded after that process, and the apparatus may 
crash against the ground before the magnetic head is 
completely unloaded. 
20 BRIEF SUMMARY OF THE INVENTION 

According to an embodiment of the present 
invention, an electronic apparatus comprises a disk 
device, a sensor which detects a fall, and a control 
unit configured to control the disk device to move 
25 the head to an unload area using a signal which is 

independent from commands that are processed by the 
disk device in an order in which they are accepted, 



when the sensor detects the fall. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may 
be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate presently embodiments of the invention, and 
together with the general description given above and 
the detailed description of the embodiments given 
below, serve to explain the principles of the 
invention. 

FIG. 1 is a view for explaining a use environment 
of an electronic apparatus according to a first 
embodiment of the present invention; 

FIG. 2 is a block diagram showing the arrangement 
of the electronic apparatus according to the first 
embodiment; 

FIG. 3 is a perspective view showing the structure 
of a magnetic disk device; 

FIG. 4 shows a ramp mechanism of the magnetic disk 

device; 

FIG. 5 shows a schematic arrangement of 



an agravity sensor of the first embodiment; 

FIG. 6 is a block diagram showing functional 
blocks of a shockproof control program of the first 
embodiment; 

FIG. 7 is a flowchart showing the operation 
sequence of shockproof control executed by the 
shockproof control program of the first embodiment; 

FIG. 8 is a table showing general shockproof 
specifications of a magnetic disk device; and 

FIG. 9 is a block diagram showing the arrangement 
of an electronic apparatus according to a second 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Embodiments of the present invention will be 
described hereinafter with reference to the 
accompanying drawings. 
( First Embodiment) 

The first embodiment of the present invention will 
now be described. 

FIG. 1 is a view for explaining the use 
environment of an electronic apparatus according to 
an embodiment of the present invention. 

As shown in FIG. 1, an electronic apparatus 1 of 
this embodiment is a storage device which incorporates 
a battery and has a wireless communication function. 
The storage device effects wireless communication with 
such information apparatuses as a personal computer 2, 



portable game machine 3, digital video camera 4, and 
PDA 5. This electronic apparatus 1 and information 
apparatuses 2 to 5 comprise Bluetooth modules, and 
effect wireless data communication via those Bluetooth 
modules. 

The maximum wireless communication range of the 
Bluetooth modules is about 100 m. When the electronic 
apparatus 1 and information apparatuses 2 to 5 approach 
each other within this range, a Bluetooth link is 
automatically established to allow data exchange. 

The electronic apparatus 1 also has a USB 
connector that receives a USB cable, and comprises 
a wired communication function that effects wired data 
communication via this USB connector. 

FIG. 2 is a block diagram showing the arrangement 
of this electronic apparatus 1. 

As shown in FIG. 2, this electronic apparatus 1 
has an engine unit 11, Bluetooth wireless unit 12, 
power supply unit 13, setup operation unit 14, and data 
storage unit 15. 

The engine unit 11 controls the overall electronic 
apparatus 1. A CPU 21 as a core of this engine unit 11 
is connected to an EEPROM 22 via a bus 26. The EE PROM 
22 stores various kinds of control information 
including threshold value data A (to be described 
later) . 

The CPU 21 is connected to a CPU bus/PCI bus 



bridge 25 via a CPU bus 27. A flash memory 23 is 
connected to the CPU bus/PCI bus bridge 25 via a memory 
bus 28, and a DRAM 24 is also connected to it via 
a memory bus 29. 

The flash memory 23 stores various programs which 
include shockproof control program B (to be described 
later) that describe the operation sequence of the CPU 
21. On the other hand, the DRAM 24 is used as a work 
memory of the CPU 21. Also, the DRAM 24 is used as 
a buffer area of the data storage unit 15. 

The CPU bus/PCI bus bridge 25 is an interface 
bridge between the CPU bus 27 and a PCI bus 41, and 
is connected to a display controller 31 via a bus 30. 
The display controller 31 executes display control of 
an LCD 33 which is connected to it via a bus 32. 

The PCI bus 41 is connected to an ISA bus 43 via a 
PCI/ISA bridge 42. The PCI bus 41 is connected to the 
Bluetooth wireless unit 12 and a USB interface 44 via a 
USB host controller 46. A USB connector 45 used to 
connect an information apparatus via a cable is 
connected to the USB interface 44. 

The Bluetooth wireless unit 12 comprises 
a baseband LSI 51, flash memory 52,- antenna 54, and RF 
unit 53. The baseband LSI 51 is connected to the USB 
host controller 46, and controls a Bluetooth wireless 
function. The flash memory 52 stores a program to be 
executed by the baseband LSI 51. The RF unit 53 



controls an RF signal between the baseband LSI 51 and 
antenna 54. 

The data storage unit 15 is connected to the PCI 
bus 41. The data storage unit 15 has an IDE interface 
controller 61 and a magnetic disk drive device (to be 
referred to as an HDD hereinafter) 63. The IDE 
interface controller 61 is connected via the PCI bus 
41. The HDD 63 is connected to the IDE interface 
controller 61 via an IDE interface 62. As shown in 
FIG. 3, the HDD 63 rotates a magnetic disk 631 at high 
speed, and brings a read/write magnetic head 633 
provided on the distal end of an arm 632 closer to the 
surface of the magnetic disk 631, thus reading/writing 
data. Therefore, when the HDD experiences a shock 
during its operation, these components are damaged. 
To avoid such damage, the HDD 63 has a mechanism for 
retracting the magnetic head 633 to a predetermined 
position (ramp mechanism 634) as a so-called shockproof 
mechanism. FIG. 4 shows the state wherein the magnetic 
head 633 is retracted to the ramp mechanism 634. This 
electronic apparatus 1 is characterized by quickly and 
reliably activating this shockproof mechanism, and such 
characteristic feature will be explained later. 

Furthermore, the power supply unit 13 is connected 
to the PCI bus 41. The power supply unit 13 comprises 
a power supply controller 71 and a power supply control 
circuit 73. The power supply controller 71 is 



- 9 - 

connected to the PCI bus 41. The power supply control 
circuit 73 is connected to the power supply controller 
71. A battery 74 and AC input 75 are connected to the 
power supply control circuit 73. When this electronic 
5 apparatus 1 is used in a mobile environment, the 

battery 74 supplies electric power. When the battery 
74 is charged or when the electronic apparatus 1 is 
used in an environment in which the apparatus can be 
AC-driven, the AC input 75 supplies electric power. 

10 Electric power from the battery 74 or AC input 75 

is supplied to components required to operate the 
electronic apparatus 1, e.g., the engine unit 11, 
wireless unit 12, data storage unit 15, and the like. 
The setup operation unit 14 is connected to the 

15 ISA bus 43. The setup operation unit 14 includes an 

I/O controller 81, and a button 82 and rotary switch 
83. The I/O controller 81 is connected to the ISA bus 
43. The button 82 and rotary switch 83 are connected 
to the I/O controller 81. The button 82 and rotary 

20 switch 83 are used to set up the operation environment 

of the electronic apparatus 1 and to start up the 
apparatus. Threshold value data A described above is 
set up using this setup operation unit 14. 

Furthermore, a real-time clock (RTC) 91 is 

25 connected to the ISA bus 43. The RTC 91 is a timing 

module which operates on its own built-in battery, 
and measures the system time using a plurality of 



registers . 

In addition, an agravity sensor 92 and low-pass 
filter 93 are provided to this electronic apparatus 1. 
The agravity sensor 92 is a mechanical switch, which is 
opened in an agravity state, and has a structure shown 
in, e.g., FIG . 5. In a normal state, the agravity 
sensor 92 is set so that an inner iron ball 921 
contacts the inner wall of a surrounding case 922 as 
a conductor. As a result, signal lines X and Y are 
electrically connected. On the other hand, in 
an agravity state, the iron ball 921 separates from 
the inner wall of the surrounding case 922 and, as 
a result, signal lines X and Y are disconnected. 
That is, whether or not the self apparatus is falling 
can be detected based on the output from this agravity 
sensor 92. This agravity sensor 92 is opened every 
time a shock that is light enough to continue the 
system operation acts. As a result, the sensor 92 is 
repeatedly opened/closed within a short period, and 
generates a so-called chattering signal. The low-pass 
filter 93 is provided to absorb the chattering signal 
generated by the agravity sensor 92. 

The operation principle of the shockproof control 
of the HDD 63 executed by shockproof control program B 
above will be described below. FIG. 6 shows functional 
blocks of this shockproof control program B. 

As shown in FIG. 6, shockproof control program B 



has respective processing blocks, i.e., a sensor 
monitor block 101, fall detection block 102, and HDD 
drive control block 103. 

The sensor monitor block 101 monitors if an open 
signal that has passed through the low-pass filter 93 
is output from the agravity sensor 92. Upon detection 
of the output open signal, the sensor monitor block 101 
informs the fall detection block 102 accordingly. 

The fall detection block 102 detects if the 
associated apparatus is falling. Upon reception of 
information from the sensor monitor block 101, the 
block 102 checks if that information continues. If the 
information continues, the fall detection block 102 
checks M seconds later if that information continues. 
When this information is repeatedly detected N times, 
the fall detection block 102 determines that the 
associated apparatus is falling. These values M and N 
are given by threshold value data A in the EE PROM 22. 
For example, an agravity state in daily life (e.g., 
during walking) continues 100 ms or less at longest. 
Hence, if an agravity state continues 100 ms or longer, 
since falling can be determined, a combination of M and 
N is set to have, e.g., 100 ms as a threshold value. 
By setting M and N using threshold value data A in the 
EE PROM 22, various use environments can be flexibly 
coped with. When it is determined that the associated 
apparatus is falling, the fall detection block 102 
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informs the HDD drive control block 103 accordingly. 

The HDD drive control block 103 effects control 
to retract the magnetic head 632 of the HDD 63 to 
the ramp mechanism 633 against a shock upon crash. 
5 Upon receiving information from the fall detection 

block 102, the block 103 instructs the IDE interface 
controller 61 to transmit an unload signal to the 
HDD 63. 

Upon detection of a fall, even when a read or 
10 write process in the HDD 63 is in progress, the 

magnetic head 632 must be immediately retracted, i.e., 
unloaded to the ramp mechanism 633. Hence, the HDD 
drive control block 103 uses a reset signal independent 
from general commands such as a read signal, write 
15 signal, and the like, which are processed in the order 

they are accepted. With this signal, the unload 
process can be quickly and reliably executed 
irrespective of the operation state of the HDD 63. 
FIG. 7 is a flowchart showing the operation 
20 sequence of shockproof control of the HDD 63 executed 

by shockproof control program B. 

Shockproof control program B reads out the output 
from the agravity sensor 92 via the low-pass filter 93 
(step SI) . If this output indicates a closed state, 
25 i.e., it does not sense any agravity (NO in step S2) , 

shockproof control program B determines that the 
associated apparatus is not falling (step S3) . 



On the other hand, if the output from the agravity 
sensor 92 indicates an open state, i.e., it senses 
agravity (YES in step S2), shockproof control program B 
waits for M seconds given by threshold value data A 
(step S4), and then repeats processes from step SI. 
If this repetition continues N times given by threshold 
value data A (YES in step S5) , shockproof control 
program B determines that the associated apparatus is 
falling, and outputs an unload signal to the HDD 63 
(step S6) . 

As described above, since the electronic apparatus 
1 of this embodiment controls the HDD 63 to unload 
using the reset signal, the magnetic head 632 of the 
HDD 63 can be quickly and reliably retracted to the 
ramp mechanism 633. 

In general, an HDD can withstand shocks to degrees 
shown in FIG. 8. For example, a 1.8" HDD can withstand 
an active-time (operating) shock up to 200G, and 
an inactive-time (non-operating) shock up to 1000G. 
Hence, in the case of the 1.8" HDD, it is required as 
shockproof specifications to provide a shock-absorbing 
mechanism for absorbing an active-time (operating) shock 
to be 200G or less, and an inactive- time (non-operating) 
shock to be 1000G or less. Of these shocks, absorption 
of the former active- time (operating) shock is in 
question here. In such a case, a shock-absorbing 
mechanism which has excessive shock-absorption power 



results in increases in cost and size* 

On the other hand, since this electronic apparatus 
1 can control the HDD 63 to quickly unload irrespective 
of the operation state of the HDD 63, the time required 
from detection of a fall until completion of unload 
can be estimated to be nearly constant. Hence, this 
electronic apparatus 1 calculates a falling distance of 
an object within this required time by: 

Required time t (s) = (2 X distance h (m) 

/gravitational acceleration G (m/s 2 )) 1/2"' (1) 

for G = 9.8 

Then, a shock-absorbing mechanism having shock 
absorbing power that can suppress a shock that acts 
upon falling from the calculated distance to 200G or 
less is arranged. 

In this manner, a shock-absorbing mechanism having 
appropriate shock-absorbing power can be arranged, 
thus preventing the cost and size from increasing 
unwantedly . 
(Second Embodiment) 

The second embodiment of the present invention 
will be described below. 

FIG. 9 is a block diagram showing the arrangement 
of an electronic apparatus 1 of the second embodiment. 

The difference between the first embodiment 
described above and this second embodiment is that a 
signal line 64 that exchanges with the HDD 63 an unload 
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signal as a signal independent from general commands 
such as a read signal, write signal, and the like, 
which are processed in the order they are accepted, 
is added. Upon receiving information from the fall 
5 detection block 102, the HDD drive control block 103 

transmits a signal which is defined in advance as 
an unload" signal with the HDD 63 via the signal line 64 
to the HDD 63 in place of instructing the IDE interface 
controller 61 to transmit a reset signal to the HDD 63. 

10 In the electronic apparatus 1 of the second 

embodiment, the magnetic head 632 of the HDD 63 can be 
quickly and reliably retracted to the ramp mechanism 
633, and a shock-absorbing mechanism having appropriate 
shock absorbing power can be arranged, although a 

15 signal that deviates from the interface standard must 

be used. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
20 the specific details and representative embodiments 

shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



